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Abstract of Diploma Thesis

The current essay is focused on the development of a new reaction about

the functionalization of the single-wall carbon nanotubes (SWNTs) surface.

With this new approach we tried to achieve the covalent ‘in situ’ radical

polymerization of the graphitic sidewalls, where ceric ions were used as ini-

tiators.  Primarily,  we  discuss  about  carbon  nanotubes  properties  and we

present  several  utilities  of  the  carbon  nanostructures.  Subsequently,  we

present the basic principles of the characterization methods used on nan-

otubes and the organology.  Some cases of chemical  functionalization are

discussed also in this thesis, such as covalent and non-covalent approaches.

The polymerization reaction mechanism studied in this thesis is presented

afterwards; the first step involves the addition of radical species onto the

graphitic sidewalls by the reaction of carbon nanotubes with ethanol and di-

tert-butyl peroxide, which lead to the formation of several hydroxymethyl

groups on the nanotube surface. From these moieties we started the poly-

merization of vinyl monomers by using ceric ions as initiators. Two polymers

were  used  for  this  purpose,  which  are  poly(acrylic  acid)  (PAA)  and

poly(methyl methacrylate) (PMMA). To examine the nanotube-PAA solubility

we made several experiments focused on the reaction of NaOH with these

polymer-modified carbon nanotubes in order to find out which concentration

of NaOH disperses better the nanotube bundles. The samples of modified

nanotubes were characterized by UV-vis,  IR,  TGA,  SEM and Raman spec-

troscopy. From the TGA curve and the UV-vis spectrum, it was shown that

the hydrophilic  polymer (PAA) was probably grafted in a more successful



way onto the graphitic sidewalls than the hydrophobic polymer (PMMA). An

additional indication for this result is the fact that the van Hove singularities

(vHSs) in the nanotube electronic density of states (DOS) were almost disap-

peared in the case of PAA, which proves the higher alteration caused in the

electronic  states  of  SWNTs.  Furthermore,  UV-vis  spectroscopy  shows  that

due the grafting of both studied polymers a loss of intensity of the van Hove

singularities takes place indicating the success of the proposed functionali-

sation scheme. Finally, the results from the Raman spectroscopic measure-

ments are in accordance with the above mentioned functionalisation proto-

col.

Abstract of Master Thesis

This  Master  Thesis  aims  towards  the  synthesis,  characterization  and

printing, via the LIFT technique, of graphene on conventional silicon as well

as  flexible  polymer  substrates,  that  could  be  used  for  chemical  sensors

applications.  Firstly,  there  is  an introduction  about  graphene's  properties

and characteristics  of  this 2D material,  in  order  to  better understand its

behavior.  The  first  two  chapters,  deal  with  the  theoretical  background,

regarding graphene's synthesis methods and chemistry by mixing graphene

with polymer matrices or even metallic nanoparticles. Moreover, in chapter

3, there is an introduction about chemical sensors based on graphene, while

in  chapter  4,  takes  place  a  thorough  description  of  material  printing  by

means  of  laser  printing  techniques,  such  as  the  Laser  Induced  Forward

Transfer,  method  that  has  been  used  in  the  current  thesis.  The  last  2

chapters deal with the experiments and the characterization that took place.

More specifically, in chapter 5, the synthesis methods that have been used

are  being  presented  and  are:  a)graphene  synthesis  by  redox  reactions

(Hummers-Offemann) and b)graphene synthesis by liquid phase exfoliation

of  graphite  in  organic  solvents.  The  synthesized  samples  were  firstly

characterized  by  means  of  micro-Raman  spectroscopy,  electrical



measurements and absorption spectroscopy before being printed,  by the

LIFT technique on different substrates. The successful printing of graphene

on various surfaces offers the possibility of incorporating this material into

chemical  sensors,  for  the  detection  of  humidity,  ethanol,  methanol  and

other analytes, where graphene could be used as the sensing element. 


